Systemic Lupus Erythematosus Patients Exhibit Reduced Expression of CLEC16A Isoforms in Peripheral Leukocytes by Yang, W et al.
Title Systemic Lupus Erythematosus Patients Exhibit ReducedExpression of CLEC16A Isoforms in Peripheral Leukocytes
Author(s) TAM, CY; Yang, W; Lau, WCS; Chan, VSF
Citation International Journal of Molecular Sciences, 2015, v. 16, p.14428-14440
Issued Date 2015
URL http://hdl.handle.net/10722/217147
Rights Creative Commons: Attribution 3.0 Hong Kong License
Int. J. Mol. Sci. 2015, 16, 14428-14440; doi:10.3390/ijms160714428 
 
International Journal of  
Molecular Sciences 
ISSN 1422-0067  
www.mdpi.com/journal/ijms 
Article 
Systemic Lupus Erythematosus Patients Exhibit Reduced 
Expression of CLEC16A Isoforms in Peripheral Leukocytes 
Rachel C. Y. Tam 1, Alfred L. H. Lee 1, Wanling Yang 2, Chak Sing Lau 1  
and Vera S. F. Chan 1,* 
1 Department of Medicine, Li Ka Shing Faculty of Medicine, University of Hong Kong,  
Hong Kong, China; E-Mails: racheltam86@gmail.com (R.C.Y.T.);  
leelh1107@gmail.com (A.L.H.L.); cslau@hku.hk (C.S.L.) 
2 Department of Paediatrics and Adolescent Medicine, Li Ka Shing Faculty of Medicine,  
University of Hong Kong, Hong Kong, China; E-Mail: yangwl@hku.hk 
* Author to whom correspondence should be addressed; E-Mail: sfvchan@hku.hk;  
Tel.: +852-2255-5995; Fax: +852-2818-6474. 
Academic Editor: William Chi-shing Cho 
Received: 15 April 2015 / Accepted: 15 June 2015 / Published: 25 June 2015 
 
Abstract: Systemic lupus erythematosus (SLE) is a prototypic autoimmune disease with 
multiple etiological factors. The SLE susceptibility locus on chromosome 16p13 encodes a 
novel gene CLEC16A and its functional relationship with SLE is unclear. This study aimed 
to investigate the expression correlation of the two major CLEC16A spliced transcripts 
with SLE development. Expressions of the long (V1) and short (V2) CLEC16A isoforms  
in the peripheral blood mononuclear cells (PBMCs) were assayed by quantitative real  
time PCR and compared between healthy individuals and SLE patients. Correlation of 
CLEC16A isoform expression levels with SLE susceptibility, disease severity and twelve 
clinical parameters were also evaluated. Full length transcripts of CLEC16A V1 and V2 
isoforms were readily amplified from PBMCs of healthy controls and patients at varying 
abundance. Compared with healthy controls (n = 86), expression levels of V1 and V2 were 
significantly reduced by ~two- and four-fold respectively in SLE patients (n = 181). The 
relative V2/V1 ratio was also significantly reduced by approximately two-fold. With 
regard to SLE disease parameters, only a weak positive correlation was found between 
CLEC16A V1 expression levels and SLE disease activity index (SLEDAI) score. Taken 
together, CLEC16A was found to be a susceptibility factor for SLE, with possible 
contribution to the development of the disease. 
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1. Introduction 
Systemic lupus erythematosus (SLE) is a prototypic autoimmune disease characterized by the  
loss of tolerance to self-antigens, dysregulated autoreactive T- and B-cell activation, production of 
autoantibodies (auto-Abs) and perturbed cytokine activities. Predominantly, SLE affects young 
females of child-bearing age and the chronic systemic inflammation of multiple tissue organs often 
leads to significant morbidity and mortality [1]. SLE is a complex disease with multiple etiological 
factors. Genome-wide association studies (GWAS) have revealed genetic risk loci encompassing 
various immune components related to immune complex and antigen clearance (ITGAM, TREX1, FcγR 
genes, complement genes), T-cell activation (PTPN22, TNFSF4, HLA class II), B-cell signaling 
(BANK1, BLK, PRDM1) as well as TLR-IFN pathways (IRF5, STAT4, IRAK1) [2]. Remarkably,  
many novel lupus-susceptibility gene regions, such as the ATG5-PRDM1 intergenic region, UBE2L3, 
WDFY4 and KIAA0350 [3–7], have also been identified. However, the functions of these encoded gene 
products are still unclear. Of particular interest, the KIAA0350 locus on chromosome region 16p13 
contains a novel gene, CLEC16A, of the C-type lectin superfamily. 
C-type lectin domain family 16, member A (CLEC16A) was first described as an  
autoimmunity-associated gene in a GWAS, which reported that several of its non-coding  
single-nucleotide polymorphism (SNP) variants were in strong linkage disequilibrium with type I 
diabetes in Europeans [8]. Such an association was later replicated in a Chinese Han population [9]. 
CLEC16A was also found to be genetically associated with a number of other autoimmune disorders 
including multiple sclerosis (MS) [10–12], rheumatoid arthritis [12], and Crohn’s disease [13] as well 
as SLE [3,14]. Thus far, the clinical relevance of the genetic association of CLEC16A with SLE 
remains elusive. C-type lectins, being important innate receptors that shape both the innate and 
adaptive immune responses, are implicated to play critical roles in the pathogenesis of autoimmune  
diseases [15,16]. Expression and functional irregularities of several C-type lectins, including mannose 
receptor, mannose-binding lectin (MBL) and dectin-1, have been shown to associate with SLE [17–19]. 
For instance, the low-producing MBL genetic variants were shown to be associated with SLE and  
low serum MBL levels would render individuals for increased risk of SLE development [20]. As  
a putative C-type lectin, CLEC16A may potentially play an important role in SLE pathogenesis. Earlier 
studies showed that CLEC16A could have similar functions as its Drosophila ortholog in promoting 
endosomal trafficking and autophagy [21,22]. Evidence from murine models of diabetes also supports 
its functional involvement in autophagy [23,24]. How these functional attributes of CLEC16A correlate 
with SLE remains unclear. Here, in an attempt to investigate the potential contribution of CLEC16A to 
SLE development, we evaluated the expression of two CLEC16A spliced transcripts in peripheral 
leukocytes of SLE patients and healthy individuals. Correlation of CLEC16A isoform expression levels 
with SLE susceptibility, disease severity and clinical parameters were also evaluated. 
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2. Results and Discussion 
2.1. Results 
The human CLEC16A gene has been reported to give rise to three alternatively spliced mRNA 
transcript variants. The longer CLEC16A V1 isoform (referred as V1 hereafter) is the canonical 
isoform expressing all 24 exons, while CLEC16A V2 isoform (referred as V2) contains only 21 exons. 
Apart from isoform 3, which comprises only four exons, V1 and V2 are predicted to encode functional 
proteins. Sequences of V1 and V2 were thus retrieved from the NCBI Reference sequence database  
for comparison. The open reading frame (ORF) of V1 (accession no.: NM_015226) comprises 3162 bp 
which encodes a protein containing a highly conserved FPL domain at the 5′-end, and a putative  
C-type lectin-like domain (CTLD) in the middle region (Figure 1A). The FPL domain comprises 
approximately 150 residues that are shared by a family of proteins of unknown function. The ORF of 
V2 (accession no.: NM_001243403.1) is 441 bp shorter than V1. Sequence alignment analyses 
revealed the absence of a 6-bp and a 48-bp in-frame segments in V2, and the ~500-bp at the 3′-end of 
V1 and ~130-bp of V2 were largely non-overlapping (Figure 1A). 
 
Figure 1. CLEC16A expression in peripheral blood mononuclear cells. (A) Schematic 
diagrams of two expressed transcripts of CLEC16A showing the predicted FPL and 
putative C-type lectin-like (CTLD) domains. Grey segments denote identical nucleotide 
sequences, while the open and dotted segments represent unique sequences in the 3′-end 
regions of V1 and V2 respectively. Hatched segments represent the 6-bp and the 48-bp 
sequences observed in V1 but not in V2; (B) Full length mRNA transcripts of V1 and V2 
could be amplified by RT-PCR from PBMCs of healthy normal controls (NC) and lupus 
(SLE) patients. Five representative samples from each group are shown. GAPDH was used 
as an internal control. NTC represents no template control; and (C) Specificity of qPCR 
primer sets for V1 and V2 was tested by conventional PCR using V1 and V2 plasmids as 
templates. No cross amplification was found. 
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No known functional motifs have been predicted in the unique 3′-end regions of both V1 and V2, 
and it is unclear if the protein products of V1 and V2 may have different functions. It is also not known 
if both CLEC16A isoforms are expressed by immune cells. We therefore first tested the presence of 
full length transcripts of these two variants. By conventional RT-PCR, full length transcripts of V1 and 
V2 were readily amplified from peripheral blood mononuclear cells (PBMCs) of healthy controls and 
SLE patients (Figure 1B). Albeit not quantitatively measured, the relative abundance of V1 and V2 
appeared to differ within and between PBMC samples (Figure 1B). Thus, a quantitative PCR (qPCR) 
assay was designed to compare the expression levels of V1, V2 and their relative expression ratio 
between normal controls and SLE cases. Specific qPCR primer sets were designed targeting the unique 
3′-terminal regions of V1 and V2. These primer sets were highly specific as validated by the absence 
of PCR cross-amplification of plasmid templates carrying the other isoforms (Figure 1C). 
A total of 190 SLE patients were enrolled. Their demographic and clinical characteristics  
were summarized in Table 1. Blood samples from 86 age-matched normal healthy female controls 
(NC, median age 43, range 21–67) were obtained. 
Table 1. Demographics and clinical parameters # of SLE patients recruited in the study. 
Parameter Value Unit 
Age 46 (20–79) median years (range) 
Female:male 181:9 number 
SLE duration 17.5 (1–40) median years (range) 
Malar rash 11.5 % 
Discoid rash 0 % 
Photosensitivity 0 % 
Oral ulcers 5.7 % 
Arthritis 3.1 % 
Serositis 0.5 % 
Renal disorder 14.6 % 
Neurological disorder 0 % 
Hematological disorder 10.4 % 
Immunological disorder 43.2 % 
Antinuclear factor 3.1 % 
SLEDAI score 3.4 ± 3.7 mean ± SD 
Anti-dsDNA 63.5 ± 80.7 mean ± SD 
C3 level 82.0 ± 25.0 mean ± SD 
C4 level 16.5 ± 7.9 mean ± SD 
CRP level 0.5 ± 0.5 mean ± SD 
# Clinical parameters recorded at the time of blood sampling for CLEC16A expression evaluation. 
Expression levels of V1 and V2 in PBMCs were determined by qPCR and normalized with β-actin. 
Because the healthy control group comprised females only, we compared them with the 181 females in 
the SLE patient group (SLE, median age 46, range 21–79). Results showed that V1 was the dominant 
isoform and expressed more abundantly than V2 in both NC and SLE (Table 2). Comparing NC and 
SLE, expression levels of V1 and V2 were reduced by ~2- and 4-fold respectively in SLE patients. The 
relative V2/V1 ratio was also significantly reduced (Figure 2). 
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Table 2. CLEC16A isoform expression # in PBMCs of healthy controls and SLE patients. 
Group CLEC16A V1 CLEC16A V2 CLEC16A V2/V1 Ratio 
NC 0.61 (0.02–3.31) # 0.22 (0.02–0.79) 0.32 (0.10–6.1) 
SLE 0.33 (0.003–0.74) 0.05 (0.005–0.35) 0.15 (0.02–76.05) 
p-value * <0.005 <0.0001 <0.0001 
# Expression was determined by qPCR and normalized with the expression of the house-keeping gene  
β-actin. Numbers shown are median (range) in arbitrary unit; * p-value was calculated using Mann-Whitney 
U-test comparing NC vs. SLE. 
 
(A) (B) 
(C) 
Figure 2. Reduced expression of CLEC16A isoforms in PBMCs of SLE patients. Box and 
whisker plots comparing the expression of (A) V1; (B) V2; and (C) V2/V1 ratio between 
normal controls (NC, n = 86) and SLE patients (SLE, n = 181). V1 and V2 expressions 
were determined by qPCR and normalized with that of β-actin. Data are shown in arbitrary 
unit in loge scale. p-values were calculated using the Mann-Whitney U-test. 
Next, we examined if the expression of CLEC16A isoforms were correlated with SLE disease 
severity as reflected in the SLE disease activity index (SLEDAI) score. Figure 3 shows that the 
majority of SLE patients in this study cohort (>80%) had inactive disease with SLEDAI scores ≤5. 
Spearman’s correlation analyses revealed V1 expression had a significant but weak positive correlation 
with SLEDAI score (Rho = 0.18, p = 0.04 for V1) while no statistical significance was reached for V2 
and V2/V1 ratio (Rho = 0.12, p = 0.17 for V2; Rho = −0.05, p = 0.60 for V2/V1). The SLEDAI score 
only reflected disease activity at the time of blood sampling, we therefore also examined expression 
correlation with the adjusted mean SLEDAI [25] over a two-year period prior to blood sample 
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collection. However, no significant correlation was observed in both isoforms (data not shown). As the 
SLEDAI is a summation score of various clinical parameters, 12 individual SLE clinical parameters 
were further evaluated for association with the expressions of CLEC16A isoforms. Individually, a 
significant inverse correlation was observed between V1 expression and leukocyte count, and between 
V2 expression with C3 level and leukocyte count (Table 3). However, after Bonferroni adjustment  
for multiple statistical testing, the expressions of CLEC16A isoforms did not show any significant 
correlation with these SLE parameters. 
(A) (B) 
(C) 
Figure 3. Limited correlation of CLEC16A expression with SLE disease severity.  
Scatter plots showing expression of (A) V1; (B) V2; and (C) V2/V1 ratio against SLE 
disease activity index (SLEDAI) of 190 SLE patients. Spearman’s Correlation analysis was 
performed (Rho = 0.18, p = 0.04 for V1; Rho = 0.12, p = 0.17 for V2; Rho = −0.05,  
p = 0.60 for V2/V1). 
Table 3. Correlation analyses of expressions of CLEC16A isoforms with twelve clinical 
parameters in SLE patients. 
Clinical Parameter 
CLEC16A V1 CLEC16A V2 CLEC16A V2/V1 
Rho * p ** Rho p Rho p 
Anti-dsDNA titer 0.09 0.32 0.17 0.057 0.10 0.29 
C3 level −0.06 0.53 −0.23 0.0088 −0.18 0.042 
C4 level −0.08 0.40 −0.17 0.053 −0.12  0.18 
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Table 3. Cont. 
Clinical Parameter 
CLEC16A V1 CLEC16A V2 CLEC16A V2/V1 
Rho * p ** Rho p Rho p 
CRP level −0.11 0.24 −0.07 0.43 −0.07 0.43 
Leukocyte count −0.24 0.0077 −0.23 0.0087 −0.04 0.68 
Hemoglobin count 0.07 0.45 −0.06 0.51 −0.05 0.57 
Platelet count −0.19 0.035 −0.12 0.19 0.08 0.37 
Neutrophil count −0.16 0.076 −0.13 0.14 −0.01 0.95 
Lymphocyte count −0.17 0.050 −0.16 0.077 −0.01 0.95 
IgG titer −0.04 0.70 0.04 0.70 0.01 0.95 
IgA titer 0.02 0.83 0.05 0.57 0.02 0.86 
IgM titer −0.12 0.18 −0.14 0.13 0.07 0.46 
* Correlation coefficient Rho and p-value were calculated using Spearman’s correlation test; ** The 
Bonferroni-adjusted threshold p-value is 0.004 for multiple testing (n = 12). 
2.2. Discussion 
It is herein shown that the two isoforms of CLEC16A are highly expressed in PBMCs of both 
healthy individuals and SLE patients. Compared with healthy controls, SLE patients presented 
significantly lower expressions of both V1 and V2, as well as an overall lower V2/V1 expression ratio. 
Expression of V1 seemed to weakly correlate with SLEDAI scores, however, when the adjusted mean 
SLEDAI was considered, which was a better reflection of their overall disease severity over two  
years’ time, no correlation was observed with the expressions of V1, V2 and V2/V1 ratio. Correlation 
analyses against twelve relevant clinical parameters were also conducted, yet, no significant correlation 
was observed. 
Previous studies have reported the expression of CLEC16A in mammalian cells. Public microarray 
expression datasets and other studies have revealed high CLEC16A expression in various immune cell 
types, particularly B cells, NK cells, dendritic cells, myeloid cells as well as in brain tissues including 
spinal cord, pineal gland and astrocytes [26–28]. Few CLEC16A expression correlation studies have 
been performed, and most of them were conducted in relation to disease-associated genotypes. In the 
context of MS, a higher relative expression of the CLEC16A short and long transcripts (i.e., V2/V1 
ratio) in thymic tissues was found significantly associated with the AA risk allele of CLEC16A 
rs12708716 genotype. The absence of this expression correlation in peripheral blood suggests that 
there may be a thymus- or cell-specific splice regulation for CLEC16A [29]. On the other hand, 
expression association was not observed with two other MS-related SNPs rs6498169 and rs7206912, 
irrespective of thymus or peripheral blood cells analyzed [29,30]. Recently, a study also reported a 
significant two-fold increase in total CLEC16A transcript in PBMCs of MS patients when compared 
with normal controls, but the relative expression of the long and short isoforms was not addressed [31]. 
In type I diabetes, the risk allele at rs12708716 was found correlated with a lower CLEC16A 
expression in human pancreatic β-islet cells. However, no expression comparison was performed 
between healthy individuals and diabetic patients [23]. To date, apart from the current study, no  
similar expression correlation investigation has been reported for SLE, whether in association with  
SLE-related SNPs or with the disease itself. Interestingly, the MS-related rs12708716 SNP is also 
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associated with SLE [3], and the risk AA allele was found in correlation with a higher CLEC16A 
V2/V1 ratio in thymi, but not in peripheral blood cells [29]. Here, a significant reduction in V2/V1 
expression ratio in PBMCs of SLE patients was observed instead (Table 2 and Figure 2). Whether this 
differential expression of CLEC16A isoforms is associated with other SLE-related SNPs, or due to 
tissue-specific splice regulation requires further investigation. However, when compared with MS  
and type I diabetes, SLE is far more complex in both the etiologies and clinical manifestations.  
As such, the expression of CLEC16A in SLE is likely to be regulated differently according to its 
contribution to pathogenesis. 
Earlier studies in Drosophila suggest plausible functional involvement of CLEC16A in endosome 
maturation, trafficking and in promoting autophagy [21,22,32]. In mammalian cells and depending  
on the cell type, CLEC16A expression was localized to different vesicular compartments including 
endoplasmic reticulum [33], MHC class II vesicles [31] and endolysosomes [23]. In vitro knockdown 
of CLEC16A in antigen presenting cells showed severe impairment in cytoplasmic distribution and 
trafficking of MHC class II endosomal vesicles [31], implicating its critical involvement in antigen 
presentation. On the other hand, a recent study has revealed the role of CLEC16A in promoting  
type I diabetes via a special form of autophagy–mitophagy–the autophagic removal of mitochondria. 
Specific functional deficiency of CLEC16A in pancreatic β-cells promoted the development of diabetes  
in mice through the impairment of insulin production as a result of reduced mitophagy and oxygen 
consumption [23]. Taken together, CLEC16A may play important roles in MHC class II antigen 
presentation as well as autophagy. Intriguingly, HLA-DR is the most significant genetic factor that 
predisposes SLE development and ATG5, one of the key autophagy-related proteins, is also associated 
with SLE susceptibility [3]. How CLEC16A interacts with these pathways in SLE is still unclear. We 
have performed CLEC16A over-expression and knockdown experiments and our data suggest an 
inhibitory function of CLEC16A in autophagy induction (manuscript in preparation). Hence, the 
reduced expression of CLEC16A isoforms observed in SLE PBMCs may cause enhanced autophagic 
activities. Indeed, T cells from SLE patients and lupus mice have been shown to contain more 
autophagic compartments than their corresponding non-lupus control T cells [34]. Further investigations 
are thus warranted to explore the functional contribution of CLEC16A in SLE pathogenesis. 
In correlation analyses of clinical parameters, paradoxically, a positive correlation was observed 
between V1 expression and SLEDAI score. This should be interpreted with caution because the 
statistical data suggested that this was a weak correlation (small correlation coefficient, Rho = 0.18) 
with marginal significance (p = 0.04). It is debatable whether this accurately reflects a true correlation 
of CLEC16A expression with SLE disease severity. The adjusted mean SLEDAI score is a better 
indication of the overall disease severity over a period of time, but there was no correlation with V1 or 
V2 expression. Furthermore, CLEC16A expression could be up-regulated upon lipopolysaccharides 
stimulation [28], and it is possible that CLEC16A expression may fluctuate in SLE patients because  
of other non-SLE factors such as microbial infection. Despite being a disease susceptibility factor, 
CLEC16A expression levels in PBMCs did not show any significant correlation with the 12 clinical 
parameters analyzed (Table 3). Similar observations have been reported in MBL polymorphism in 
lupus patients. Individuals harboring the low-producing MBL genotypes were shown to have increased 
risk of developing lupus but SLE patients showed fluctuating levels of serum MBL during the course 
of disease without any significant correlation with disease parameters [35]. Disease susceptibility and 
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disease progression can be influenced by shared or unique predisposing factors. CLEC16A may function 
as a disease predisposition factor but not a disease modifier, and thus showing disparate association 
with SLE susceptibility and disease characteristics. 
There were two limitations in this study that could also contribute to the lack of association with 
SLE disease parameters. First, a majority of the patients enrolled in this study were relatively stable  
with inactive disease. More than 80% of them had SLEDAI scores ≤5, and active patients were  
under-represented to reliably reflect association with disease severity, if any. Secondly, CLEC16A 
expression was evaluated in bulk PBMCs with varying proportion of T cells, B cells, NK cells and 
monocytes. All these major immune cell types were reported to express CLEC16A, however, which 
population(s) predominantly express(es) CLEC16A is still unknown. Furthermore, the functions of 
CLEC16A, and hence the possible changes in expression levels in different cell populations during 
disease progression, are unclear. Thus, in a follow-up study to relate CLEC16A expressions with  
SLE clinical manifestations, it would be meaningful to longitudinally examine CLEC16A expressions 
in purified cell populations (e.g., B cells) in patients, and correlate with SLEDAI scores and clinical 
parameters over a period of time. This would be helpful to directly relate CLEC16A expressions and 
disease severity, if any, and to pinpoint the sub-phenotype(s) of lupus that CLEC16A expressions 
might affect. In addition, relating the changes in expression levels in specific cell population(s) with 
the presentations of sub-phenotypes would provide clues as to how CLEC16A is involved in the 
progression of SLE. 
3. Experimental Section 
3.1. Subjects 
SLE patients visiting the Rheumatology clinic at the Hong Kong Queen Mary Hospital (Hong 
Kong, China) were recruited. Patients enrolled were all of Chinese ethnicity and satisfied the 1997 
American College of Rheumatology criteria of SLE classification. Blood samples were collected  
and patients’ clinical data were used for this study with written informed consent. Ethical approval  
was reviewed and granted by the Institutional Review Board of the University of Hong Kong and 
Hospital Authority, Hong Kong West Cluster (HKU/HA HKW IRB). Buffy coats from healthy female 
volunteer blood donors were obtained from the Hong Kong Red Cross. 
3.2. Isolation of Peripheral Blood Mononuclear Cells 
Human peripheral blood mononuclear cells (PBMCs) were separated by standard density gradient 
centrifugation using Ficoll-Hypaque Plus (GE Healthcare, Little Chalfont, UK) from whole blood 
collected into EDTA-tubes or from buffy coats. The purified PBMCs were stained by Trypan blue to 
confirm cell viability and minimal carry-over of platelets. 
3.3. Expression Analyses 
Total RNA from purified PBMCs was isolated with TRIzol reagent (Invitrogen, Carlsbad, CA, 
USA). Integrity of RNA was checked by agarose gel electrophoresis. Complementary DNA was 
synthesized using ThermoScript™ reverse transcriptase (Invitrogen) and oligo (dT)20 (Invitrogen) 
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according to the manufacturer’s recommendation. Conventional polymerase chain reaction (PCR) 
amplification of the full length transcripts of the long isoform of CLEC16A (V1, 24 exons, 
NM_015226), short isoform (V2, 21 exons, NM_001243403.1) and GAPDH were performed with 
FastStart Taq DNA Polymerase (Roche, Penzberg, Germany). The primer pairs used were as  
follows: V1-forward: ATGTTTGGCCGCTCGCGGAG, reverse: TGTGTCTTGCCAGTCAGCGGC;  
V2-forward: ATGTTTGGCCGCTCGCGGAG, reverse: CTAAGAAGCTGGTGCTGCCAG;  
GAPDH-forward: CATGTTCCAATATGATTCCACCCA, reverse: TTACTCCTTGGAGGCCATGTG. 
Amplification conditions were as follows: 95 °C, 5 min, followed by 40 cycles of 95 °C for 20 s, 60 °C 
for 20 s, and 72 °C for 3 min, final extension at 72 °C for 5 min. 
Quantitative PCR (qPCR) was performed with KAPA SYBR® FAST qPCR kit (KAPA Biosystems, 
Wilmington, MA, USA) on StepOnePlus™ Real-Time PCR System (Applied Biosystems®, Waltham, 
MA, USA) to quantify the differential expression levels of V1 and V2 with β-actin as normalization 
control. The primer pairs used were as follows: V1-forward: CCGTGGCCCAGTGCATAAACC, reverse: 
GACGATTACCAACTGGTCAGG; V2-forward: GGACCTCCCAATCCAGCCCAC, reverse: ATGAA 
CGAGCTGTGGCGCAGGG; β-actin-forward: CCCAAGGCCAACCGCGAGAAG, reverse: GTCCC 
GGCCAGCCAGGTCCAG. Amplification conditions: 95 °C, 3 min, followed by 40 cycles of 95 °C for 
3 s, 63 °C for 15 s, and 72 °C for 15 s. The three primer pairs were designed and verified to produce 
amplification of single-sized products with ~200 bp at comparable amplification efficiency. For 
quantification, known copy number (from 102–107) of plasmids encoding the full length of V1, V2 and 
β-actin were included in each qPCR run to generate standard curves. Copy number of V1, V2 and  
β-actin in the cDNA samples were derived from the corresponding standard curves. Expressions of V1 
and V2 were normalized with β-actin for analyses and expressed in arbitrary unit using the following 
formula: (V1 or V2[copy number]/β-actin[copy number])/1000. 
3.4. Statistical Analyses 
Statistical analyses were performed using GraphPad Prism version 5.01 (GraphPad Software Inc.,  
La Jolla, CA, USA) and R-3.1.0 (The R Foundation for Statistical Computing, Vienna, Austria).  
A p-value of less than 0.05 was considered statistically significant unless specified. Mann-Whitney  
U-test was used to compare expression difference between patients and controls. Expression 
correlation with clinical parameters was evaluated using Spearman’s Correlation test. 
4. Conclusions 
Here, we reported the expressions of the two CLEC16A transcript isoforms in PBMCs of healthy 
individuals and SLE patients. The expressions of both isoforms were significantly lowered in  
SLE patients albeit no clinical parameters correlation was established. Taken together, CLEC16A  
was found to be a susceptibility factor for SLE, with possible contribution to the development of  
the disease. 
  
Int. J. Mol. Sci. 2015, 16 14438 
 
 
Acknowledgments 
We thank Joann Hui, Ivy Lo, Gladys Kwok, Albert Chan and Ben Yip for coordination and 
technical assistance in blood collection, sample processing and clinical data retrieval. We also 
acknowledge support from the Li Ka Shing Medical Faculty Core Facilities and the Centre of Genomic 
Sciences for providing core equipment services for molecular experiments. The project was supported 
by the HK RGC General Research Fund 761511.  
Author Contributions 
Vera S. F. Chan conceived and designed the study; Rachel C. Y. Tam performed the experiments; 
Alfred L. H. Lee and Wanling Yang analyzed the data; Chak Sing Lau recruited patients and analyzed 
clinical data; Vera S. F. Chan and Rachel C. Y. Tam wrote the paper. 
Conflicts of Interest 
The authors declare no conflict of interest. 
References 
1. Rahman, A.; Isenberg, D.A. Systemic lupus erythematosus. N. Engl. J. Med. 2008, 358, 929–939. 
2. Deng, Y.; Tsao, B.P. Genetic susceptibility to systemic lupus erythematosus in the genomic era. 
Nat. Rev. Rheumatol. 2010, 6, 683–692. 
3. Gateva, V.; Sandling, J.K.; Hom, G.; Taylor, K.E.; Chung, S.A.; Sun, X.; Ortmann, W.; Kosoy, R.; 
Ferreira, R.C.; Nordmark, G.; et al. A large-scale replication study identifies TNIP1, PRDM1, JAZF1, 
UHRF1bp1 and IL10 as risk loci for systemic lupus erythematosus. Nat. Genet. 2009, 41, 1228–1233. 
4. Han, J.W.; Zheng, H.F.; Cui, Y.; Sun, L.D.; Ye, D.Q.; Hu, Z.; Xu, J.H.; Cai, Z.M.; Huang, W.; 
Zhao, G.P.; et al. Genome-wide association study in a chinese han population identifies nine new 
susceptibility loci for systemic lupus erythematosus. Nat. Genet. 2009, 41, 1234–1237. 
5. Yang, W.; Shen, N.; Ye, D.Q.; Liu, Q.; Zhang, Y.; Qian, X.X.; Hirankarn, N.; Ying, D.; Pan, H.F.; 
Mok, C.C.; et al. Genome-wide association study in asian populations identifies variants in ETS1 
and WDFY4 associated with systemic lupus erythematosus. PLoS Genet. 2010, 6, e1000841. 
6. Zhang, Z.; Cheng, Y.; Zhou, X.; Li, Y.; Gao, J.; Han, J.; Quan, C.; He, S.; Lv, Y.; Hu, D.; et al. 
Polymorphisms at 16p13 are associated with systemic lupus erythematosus in the chinese 
population. J. Med. Genet. 2011, 48, 69–72. 
7. Wang, S.; Adrianto, I.; Wiley, G.B.; Lessard, C.J.; Kelly, J.A.; Adler, A.J.; Glenn, S.B.; Williams, A.H.; 
Ziegler, J.T.; Comeau, M.E.; et al. A functional haplotype of UBE2L3 confers risk for systemic 
lupus erythematosus. Genes Immun. 2012, 13, 380–387. 
8. Hakonarson, H.; Grant, S.F.; Bradfield, J.P.; Marchand, L.; Kim, C.E.; Glessner, J.T.; Grabs, R.; 
Casalunovo, T.; Taback, S.P.; Frackelton, E.C.; et al. A genome-wide association study identifies 
KIAA0350 as a type 1 diabetes gene. Nature 2007, 448, 591–594. 
9. Wu, X.; Zhu, X.; Wang, X.; Ma, J.; Zhu, S.; Li, J.; Liu, Y. Intron polymorphism in the KIAA0350 
gene is reproducibly associated with susceptibility to type 1 diabetes (T1D) in the han chinese 
population. Clin. Endocrinol. 2009, 71, 46–49. 
Int. J. Mol. Sci. 2015, 16 14439 
 
 
10. Rubio, J.P.; Stankovich, J.; Field, J.; Tubridy, N.; Marriott, M.; Chapman, C.; Bahlo, M.; Perera, D.; 
Johnson, L.J.; Tait, B.D.; et al. Replication of KIAA0350, IL2RA, RPL5 and CD58 as multiple 
sclerosis susceptibility genes in australians. Genes Immun. 2008, 9, 624–630. 
11. Hoppenbrouwers, I.A.; Aulchenko, Y.S.; Janssens, A.C.; Ramagopalan, S.V.; Broer, L.; Kayser, M.; 
Ebers, G.C.; Oostra, B.A.; van Duijn, C.M.; Hintzen, R.Q. Replication of CD58 and CLEC16A as 
genome-wide significant risk genes for multiple sclerosis. J. Hum. Genet. 2009, 54, 676–680. 
12. Martinez, A.; Perdigones, N.; Cenit, M.C.; Espino, L.; Varade, J.; Lamas, J.R.; Santiago, J.L.; 
Fernandez-Arquero, M.; de la Calle, H.; Arroyo, R.; et al. Chromosomal region 16p13: Further 
evidence of increased predisposition to immune diseases. Ann. Rheum. Dis. 2010, 69, 309–311. 
13. Marquez, A.; Varade, J.; Robledo, G.; Martinez, A.; Mendoza, J.L.; Taxonera, C.;  
Fernandez-Arquero, M.; Diaz-Rubio, M.; Gomez-Garcia, M.; Lopez-Nevot, M.A.; et al. Specific 
association of a CLEC16A/KIAA0350 polymorphism with NOD2/CARD15(−) crohn’s disease 
patients. Eur. J. Hum. Genet. 2009, 17, 1304–1308. 
14. Yang, W.; Tang, H.; Zhang, Y.; Tang, X.; Zhang, J.; Sun, L.; Yang, J.; Cui, Y.; Zhang, L.; 
Hirankarn, N.; et al. Meta-analysis followed by replication identifies loci in or near CDKN1B, 
TET3, CD80, DRAM1, and ARID5B as associated with systemic lupus erythematosus in asians.  
Am. J. Hum. Genet. 2013, 92, 41–51. 
15. Sancho, D.; Reis e Sousa, C. Signaling by myeloid C-type lectin receptors in immunity and 
homeostasis. Annu. Rev. Immunol. 2012, 30, 491–529. 
16. Dambuza, I.M.; Brown, G.D. C-type lectins in immunity: Recent developments. Curr. Opin. Immunol. 
2015, 32, 21–27. 
17. Monrad, S.U.; Rea, K.; Thacker, S.; Kaplan, M.J. Myeloid dendritic cells display downregulation of 
C-type lectin receptors and aberrant lectin uptake in systemic lupus erythematosus. Arthritis. Res. Ther. 
2008, 10, R114. 
18. Monticielo, O.A.; Mucenic, T.; Xavier, R.M.; Brenol, J.C.; Chies, J.A. The role of mannose-binding 
lectin in systemic lupus erythematosus. Clin. Rheumatol. 2008, 27, 413–419. 
19. Salazar-Aldrete, C.; Galan-Diez, M.; Fernandez-Ruiz, E.; Nino-Moreno, P.; Estrada-Capetillo, L.; 
Abud-Mendoza, C.; Layseca-Espinosa, E.; Baranda, L.; Gonzalez-Amaro, R. Expression and 
function of dectin-1 is defective in monocytes from patients with systemic lupus erythematosus 
and rheumatoid arthritis. J. Clin. Immunol. 2013, 33, 368–377. 
20. Ip, W.K.; Chan, S.Y.; Lau, C.S.; Lau, Y.L. Association of systemic lupus erythematosus with 
promoter polymorphisms of the mannose-binding lectin gene. Arthritis. Rheum. 1998, 41, 1663–1668. 
21. Kim, S.; Wairkar, Y.P.; Daniels, R.W.; DiAntonio, A. The novel endosomal membrane protein 
Ema interacts with the class C Vps–HOPS complex to promote endosomal maturation. J. Cell Biol. 
2010, 188, 717–734. 
22. Kim, S.; Naylor, S.A.; DiAntonio, A. Drosophila Golgi membrane protein Ema promotes 
autophagosomal growth and function. Proc. Natl. Acad. Sci. USA 2012, 109, E1072–E1081. 
23. Soleimanpour, S.A.; Gupta, A.; Bakay, M.; Ferrari, A.M.; Groff, D.N.; Fadista, J.; Spruce, L.A.; 
Kushner, J.A.; Groop, L.; Seeholzer, S.H.; et al. The diabetes susceptibility gene CLEC16A 
regulates mitophagy. Cell 2014, 157, 1577–1590. 
Int. J. Mol. Sci. 2015, 16 14440 
 
 
24. Schuster, C.; Gerold, K.D.; Schober, K.; Probst, L.; Boerner, K.; Kim, M.J.; Ruckdeschel, A.; 
Serwold, T.; Kissler, S. The autoimmunity-associated gene clec16a modulates thymic epithelial 
cell autophagy and alters T cell selection. Immunity 2015, 42, 942–952. 
25. Ibanez, D.; Urowitz, M.B.; Gladman, D.D. Summarizing disease features over time: I. Adjusted 
mean sledai derivation and application to an index of disease activity in lupus. J. Rheumatol. 
2003, 30, 1977–1982. 
26. Wu, C.; Orozco, C.; Boyer, J.; Leglise, M.; Goodale, J.; Batalov, S.; Hodge, C.L.; Haase, J.; 
Janes, J.; Huss, J.W., III; et al. Biogps: An extensible and customizable portal for querying and 
organizing gene annotation resources. Genome Biol. 2009, 10, R130. 
27. Berge, T.; Leikfoss, I.S.; Harbo, H.F. From identification to characterization of the multiple 
sclerosis susceptibility gene CLEC16A. Int. J. Mol. Sci. 2013, 14, 4476–4497. 
28. Wu, X.; Li, J.; Chen, C.; Yan, Y.; Jiang, S.; Shao, B.; Xu, J.; Kang, L.; Huang, Y.; Zhu, L.; et al. 
Involvement of CLEC16A in activation of astrocytes after LPS treated. Neurochem. Res. 2012, 
37, 5–14. 
29. Mero, I.L.; Ban, M.; Lorentzen, A.R.; Smestad, C.; Celius, E.G.; Saether, H.; Saeedi, H.;  
Viken, M.K.; Skinningsrud, B.; Undlien, D.E.; et al. Exploring the CLEC16A gene reveals a  
MS-associated variant with correlation to the relative expression of CLEC16A isoforms in 
thymus. Genes Immun. 2011, 12, 191–198. 
30. Leikfoss, I.S.; Mero, I.L.; Dahle, M.K.; Lie, B.A.; Harbo, H.F.; Spurkland, A.; Berge, T.  
Multiple sclerosis-associated single-nucleotide polymorphisms in CLEC16A correlate with 
reduced SOCS1 and DEXI expression in the thymus. Genes Immun. 2013, 14, 62–66. 
31. Van Luijn, M.M.; Kreft, K.L.; Jongsma, M.L.; Mes, S.W.; Wierenga-Wolf, A.F.; van Meurs, M.; 
Melief, M.J.; der Kant, R.V.; Janssen, L.; Janssen, H.; et al. Multiple sclerosis-associated 
CLEC16A controls HLA class II expression via late endosome biogenesis. Brain J. Neurol. 2015, 
138, 1531–1547. 
32. Kim, S.; DiAntonio, A. A role for the membrane golgi protein ema in autophagy. Autophagy 
2012, 8, 1269–1270. 
33. Zouk, H.; D'Hennezel, E.; Du, X.; Ounissi-Benkalha, H.; Piccirillo, C.A.; Polychronakos, C. 
Functional evaluation of the role of C-type lectin domain family 16a at the chromosome 16p13 
locus. Clin. Exp. Immunol. 2014, 175, 485–497. 
34. Gros, F.; Arnold, J.; Page, N.; Decossas, M.; Korganow, A.S.; Martin, T.; Muller, S. 
Macroautophagy is deregulated in murine and human lupus T lymphocytes. Autophagy 2012, 8, 
1113–1123. 
35. Takahashi, R.; Tsutsumi, A.; Ohtani, K.; Muraki, Y.; Goto, D.; Matsumoto, I.; Wakamiya, N.; 
Sumida, T. Association of mannose binding lectin (MBL) gene polymorphism and serum MBL 
concentration with characteristics and progression of systemic lupus erythematosus. Ann. Rheum. Dis. 
2005, 64, 311–314. 
© 2015 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 
distributed under the terms and conditions of the Creative Commons Attribution license 
(http://creativecommons.org/licenses/by/4.0/). 
